The decision to initiate insulin in patients with type 2 diabetes is a challenging escalation of care that requires an individualized approach. However, the sociodemographic and clinical factors affecting insulin initiation are not well understood. OBJECTIVE: We sought to identify patient factors that were independent predictors of insulin initiation among participants in the Look AHEAD (Action for Health in Diabetes) clinical trial. DESIGN: Retrospective analysis of a randomized clinical trial. PARTICIPANTS: Beginning in 2001, Look AHEAD enrolled ambulatory U.S. adults with type 2 diabetes who were overweight or obese and had a primary healthcare provider. Participants were randomized (1:1) to an intensive lifestyle intervention, or diabetes support and education. This study examined 3913 participants across the two trial arms who were not using insulin at baseline. MAIN MEASURES: We used Cox proportional hazards models to estimate the association between participant characteristics and time to insulin initiation. We performed time-varying adjustment for HbA1c measured eight times over the 10-year study period, as well as for multiple clinical and socioeconomic factors. KEY RESULTS: A total of 1087 participants (27.8%) initiated insulin during a median follow-up of 8.0 years. Age was inversely associated with insulin initiation (adjusted hazard ratio [aHR] 0.88 per 10 years, P = 0.025). The risk of insulin initiation was greater with a higher number of diabetes complications (P < 0.001 for trend); chronic kidney disease and cardiovascular disease were independently associated with insulin initiation. There was a lower risk of insulin initiation in black (aHR 0.77, P = 0.008) and Hispanic participants (aHR 0.66, P < 0.001) relative to white participants. Socioeconomic factors were not associated with insulin initiation.
INTRODUCTION
An ongoing challenge in the management of type 2 diabetes is to provide individualized treatment of hyperglycemia in terms of selection of medications and glycemic targets. 1 Guidelines from the American Diabetes Association and European Association for the Study of Diabetes recommend insulin as one of several second-line antihyperglycemic options after metformin, or first-line therapy with hemoglobin A1c (HbA1c) ≥10%. 1 Insulin is commonly used in the treatment of type 2 diabetes, prescribed in over one fourth of ambulatory visits for type 2 diabetes in the U.S. in 2012. 2 Although insulin may be more effective than other antihyperglycemic medications in lowering blood glucose, disadvantages include high cost, the need for injections, and increased risk of weight gain and hypoglycemia. 1 Insulin initiation is an important transition of care from the perspective of both providers and patients. 3 Preventing insulin initiation is a strong preference and major motivating factor among patients with type 2 diabetes, 4, 5 and primary care physicians list insulin initiation as one of the most difficult aspects of diabetes care. 6 Patient-reported barriers to insulin use include personal beliefs, difficulty of administration, and cost of therapy. 3 Due to provider and patient factors, insulin is not used in many patients with significant hyperglycemia. 7, 8 Guidelines suggest that insulin use should be individualized, but do not indicate the criteria for individualization. 1 Accordingly, providers treating patients with type 2 diabetes have reported varying opinions about the risks and benefits of insulin and the circumstances under which it should be
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started. 6 While some providers note that comorbid conditions and the degree of hyperglycemia are considerations for starting insulin, 9 the extent to which these factors are important in practice is not known. In addition, racial/ethnic minorities and patients of lower socioeconomic status have higher HbA1c levels, [10] [11] [12] yet the extent to which antihyperglycemic therapy differs among these populations is not known. Therefore, there is a need to determine the factors that are driving or impeding the use of insulin for patients with type 2 diabetes in clinical practice.
In this study, we use longitudinal data from the Look AHEAD (Action for Health in Diabetes) trial to identify the patient characteristics that are independent predictors of insulin initiation over 10 years of follow-up.
METHODS

Study Population
The Look AHEAD trial enrolled 5145 overweight/obese adults with type 2 diabetes from 16 U.S. study centers beginning in 2001. We used the distributed dataset which excludes participants from the Southwest Native American study sites due to consent limitations, resulting in 4901 participants. We examined the 3913 participants who were not using insulin at baseline and had at least one subsequent visit at which medications were recorded. Complete descriptions have been published of the Look AHEAD trial design, recruitment, sample size determination, and outcomes. 13, 14 Look AHEAD eligibility criteria included age 45-76 years, body mass index (BMI) ≥25 kg/m 2 in participants not taking insulin, HbA1c <11%, having a primary healthcare provider, and having the ability to complete a maximal exercise test. 14 Look AHEAD exclusion criteria included recent or exercise-limiting cardiovascular disease, serum creatinine >1.4 mg/dL (women) or 1.5 mg/dL (men), 4+ proteinuria, and need for dialysis. 14 Participants were randomized 1:1 to the intensive lifestyle intervention (ILI) arm or the diabetes support and education (DSE) arm, which is the control group. 15, 16 The ILI arm received behavioral, nutritional, and pharmacologic interventions aimed at achieving weight loss of 7% of initial body weight. 15 The DSE arm received information on diet and physical activity, as well as some social support during group sessions. 16 Trial staff assessing outcomes were masked to the intervention assignment; participants and interventionists were not masked. Participants in the DSE arm received all diabetes care from their personal healthcare providers; the ILI arm received some monitoring and temporary adjustment of antihyperglycemic medications to reduce the risk of hypoglycemia.
14,15 The Look AHEAD primary outcome was time to the occurrence of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke.
14 The Look AHEAD intervention was terminated in September 2012 due to futility with regard to the primary outcome after a median follow-up of 9.6 years; participants continue to be followed. 13 This study was administratively censored at 10 years of follow-up.
All Look AHEAD sites received local institutional review board approval, and written informed consent was obtained from all participants. Look AHEAD is registered with ClinicalTrials.gov (NCT00017953). The analyses performed for this study were not conducted at the Look AHEAD Data Coordinating Center, and this is not the work of the Look AHEAD study group.
Study Outcome
The primary outcome of this study was time to first use of any insulin medication. Insulin use was ascertained by a medication inventory form completed by trained trial staff at yearly study visits. Participants were asked to bring their home medications to each visit for review, and were asked specifically about insulin use. Time to event was defined as the length of time from the date of the baseline medication inventory form to the date at which the first use of insulin was reported. Participants with gaps in medication data were excluded from analysis during gap periods, and did not accrue time at risk during those periods.
Predictor Variables
Sociodemographic predictors were ascertained by selfadministered questionnaire and analyzed as time-fixed from baseline values. Blood pressure and anthropometry were measured yearly by standardized protocols.
14 Hypertension was defined as systolic blood pressure > 140 mmHg, diastolic blood pressure > 90 mmHg, or use of antihypertensive medications. Dyslipidemia was defined as LDL >130 mg/dL or use of lipid-lowering medications. Diabetic neuropathy and retinopathy were ascertained by questionnaire. Hypertension, dyslipidemia, diabetic neuropathy, and diabetic retinopathy were analyzed as time-varying in a non-recurrent manner (i.e. once hypertensive, then always hypertensive). Cardiovascular disease was assessed at baseline and included selfreported history of myocardial infarction, stroke, angina, heart failure, prior cardiac bypass surgery, coronary stenting, carotid endarterectomy, or peripheral vascular angioplasty. The number of antihyperglycemic drugs was categorized to create three groups of approximately equal size throughout the study period, and analyzed as time-varying.
Laboratory measurements were performed yearly from baseline to year 4, and in alternating years thereafter. HbA1c was analyzed as time-varying, and was offset by one study visit such that the HbA1c value at the study visit prior to the outcome was used as the predictor. This was done because the HbA1c value prior to insulin treatment (as opposed to after insulin treatment was started) was considered to be the most clinically relevant to the initiation of insulin. Chronic kidney disease was analyzed in a non-recurrent manner and defined according to the Kidney Disease: Improving Global Outcomes (KDIGO) 2012 guidelines 17 as estimated glomerular filtration rate (eGFR) by the Chronic Kidney Disease Epidemiology Collaboration (CKD-Epi) equation 18 <60 mL/min/1.73m 2 , or urine albumin creatinine ratio ≥ 30 mg/g. For analysis of the association between insulin initiation and number of diabetes complications, diabetes complications included cardiovascular disease, chronic kidney disease, diabetic neuropathy, and diabetic retinopathy.
All predictor variables were missing less than 3% of baseline observations, except for yearly family income, which was missing 10% of baseline observations; therefore, a subgroup was added for participants with missing family income data. Missing longitudinal data in timevarying predictor variables was carried forward from the prior observation.
Statistical Analysis
Baseline characteristics were described via means and proportions, and compared across categories of race/ethnicity using one-way analysis of variance for continuous variables or χ 2 tests for categorical variables. The jackknife method was used to calculate confidence intervals for incidence rates.
The association between participant characteristics and insulin initiation was assessed using three Cox proportional hazards models: adjusted for the Look AHEAD treatment arm only (model 1); adjusted for age, gender, race/ethnicity, HbA1c, and treatment arm (model 2); and adjusted for all predictors (model 3). Predictors in model 2 were selected a priori to adjust for basic demographics and HbA1c, which was considered a potential major confounder; model 3 added all predictors. No violations of the proportional hazards assumption were found by examining unadjusted and adjusted (per model 3) log-log survival curves, with continuous predictors categorized by quartile.
To examine potential nonlinear associations between continuous predictors and the outcome, we constructed restricted cubic spline models with hazard ratios expressed relative to the median of the predictor, with four knots determined by Harrell's method. 19 Cubic spline plots were truncated at the 0.5th and 99.5th percentiles of the distribution of the predictor. Two-sided P ≤ 0.05 was considered statistically significant. Analyses were performed using STATA version 14 software (StataCorp LP, College Station, TX).
Sensitivity Analyses
We performed sensitivity analyses to determine the impact of covariate adjustment and selection of the analytic population. To maximize the ability of our model to detect significant associations, we reduced the number of covariates in model 3 using forward and backward stepwise selection by P < 0.15 and by the minimum Akaike information criterion (AIC). All selection methods yielded similar results; forward selection for minimum AIC is presented. To determine whether inclusion of participants randomized to the ILI arm affected the observed associations, we performed the fully adjusted analysis restricted to only the participants in the DSE arm (n = 1941).
RESULTS
Participant Characteristics
The baseline characteristics of the 3913 participants who met inclusion criteria are shown in Table 1 . The mean age was Relative Hazards of Insulin Initiation Table 2 shows adjusted hazard ratios (HR) for insulin initiation using three analytic models. In all models, age was inversely associated with insulin initiation, with a fully adjusted HR of 0.88 per 10 years (95% CI 0.79-0.98, P = 0.025). There was no difference in the risk of insulin initiation by gender in the fully adjusted analysis. Black and Hispanic race/ethnicity were associated with a significantly lower risk of insulin initiation relative to white race in all models. Details of baseline characteristics stratified by race/ethnicity may be found in Online Supplemental Table S1 . Figure 1 shows the fully adjusted HR for insulin initiation (vertical axis) across the range of each continuous characteristic (age, HbA1c, BMI, and diabetes duration -horizontal axis) using a restricted cubic spline model to capture nonlinear relationships; the distribution of the characteristic among participants is shown in the lower part of the plot.
In the fully adjusted analysis (Table 2) , HbA1c was positively associated with insulin initiation (HR 1.40 per 1%, P < 0.001), as was the number of antihyperglycemic drugs (global P < 0.001). Additional clinical factors independently associated with insulin initiation were BMI (HR 1.05 per 5 kg/ m 2 , P = 0.036), smoking status (global P = 0.003), hypertension (HR 1.46, P = 0.017), chronic kidney disease (HR 1.17, P = 0.015), cardiovascular disease (HR 1.56, P < 0.001), and a family history of diabetes (HR 1.15, P = 0.034).
The fully adjusted association between number of diabetes complications (cardiovascular disease, chronic kidney disease, diabetic neuropathy, and diabetic retinopathy) and insulin initiation is shown in Figure 2 . Insulin initiation was positively associated with number of complications, with an HR of 1.16 (95% CI 1.08-1.24) per each additional complication (P < 0.001 for trend). 19 gray shaded areas represent 95% confidence intervals. Kernel density plots depicting the distribution of the predictor are overlaid (thin blue lines), with probability density labeled on the right axis; plots are truncated at the 0.5th and 99.5th percentiles of the distribution of the predictor. All hazard ratios are fully adjusted (model 3).
In addition, source of medical care was associated with insulin initiation in the fully adjusted model (global P < 0.001), with an HR of 1.49 (95% CI 1.23-1.81) for the subgroup receiving care at a hospital-affiliated clinic relative to care at a private office. No characteristic related to socioeconomic status was associated with insulin initiation in the fully adjusted model.
As has been shown previously, 20 participants randomized to the Look AHEAD intensive lifestyle intervention had a significantly lower risk of insulin initiation than those in the DSE arm in model 1.
Results of sensitivity analyses for covariate selection and inclusion of the ILI study arm can be found in the online supplemental material.
DISCUSSION
In this study, we identified multiple independent predictors of insulin initiation in overweight and obese adults with type 2 diabetes. Insulin initiation was inversely associated with older age and black or Hispanic race/ethnicity, and was positively associated with HbA1c, current smoking, BMI, hypertension, the presence macrovascular and microvascular complications, number of antihyperglycemic drugs, family history of diabetes, and care at a hospital-affiliated medical clinic. While glycemic control was strongly associated with insulin initiation, insulin was started in less than 10% of participants per year with baseline HbA1c >8.5%. These findings suggest that only a minority of patients with higher HbA1c values are initiating insulin each year, and factors beyond the degree of hyperglycemia influence whether insulin treatment is started.
Notably, insulin initiation in this study does not necessarily indicate optimal or suboptimal care, but rather treatment differences that may reflect clinical practice, patient preference, or both. By adjusting for HbA1c and other characteristics, we were able to explore factors that may be independently driving or impeding insulin initiation outside of glycemic control. To our knowledge, this is the first study to examine the relationship between socioeconomic factors and insulin initiation, and the first to include time-varying adjustment for HbA1c and antihyperglycemic treatment intensity to account for longitudinal changes in diabetes features and therapy which may confound the association between patient characteristics and insulin initiation.
In this study, we found that age was inversely associated with insulin initiation, with a significantly lower risk primarily in participants aged 60 years and older. This finding is in agreement with results of prior studies. [21] [22] [23] [24] [25] [26] [27] It is possible that this finding reflects provider practice, i.e. choosing to limit the use of insulin in older patients. It is also possible that older adults are less likely than younger patients to assent to insulin treatment. 3 Further study is needed to explain this. Patients in this study with a greater number of diabetes complications were more likely to initiate insulin. The few prior studies examining this have also found that insulin initiation is associated with microvascular and macrovascular complications, 24, 25 or a higher Charlson comorbidity index. 23 These findings suggest that providers are preferentially initiating insulin in patients with a higher burden of diabetes complications, that such patients are more receptive to insulin use, or both. Insulin initiation may be associated with chronic kidney disease because of contraindications to other medications in the setting of reduced renal function. 1 There is little evidence to inform whether insulin versus other antihyperglycemic medications should be used in patients with established complications, but guidelines suggest a higher HbA1c target in these patients. 1 In addition, we found that BMI was positively associated with insulin initiation, which has also been found in previous studies, 23, 25 although the reasons for this are unclear. It will be important to determine why patients with a higher BMI may be preferentially initiating insulin, as insulin use can exacerbate weight gain. 1 We found a lower risk of insulin initiation in black and Hispanic than white participants, independent of their socioeconomic status. However, racial/ethnic disparities in living and working conditions are not entirely captured by socioeconomic measures, which could result in residual confounding. 28 In addition, a greater proportion of minority participants (22.3%) than white participants (16.6%) were excluded for baseline insulin use, which may have introduced bias if retained minority participants were at a lower risk of insulin initiation. We believe that this is less likely, as black and Hispanic participants had higher HbA1c values and no difference in diabetes duration or number of antihyperglycemic medications at baseline (Online Supplemental Table S1 ). A prior analysis of Look AHEAD baseline data, 29 along with other studies, 30 have found that racial/ethnic minorities with type 2 diabetes experience suboptimal control of hyperglycemia and cardiovascular risk factors. The results of the present study provide evidence of racial differences in insulin initiation. Further research is needed to examine the provider and patient factors contributing to differential treatment of patients with type 2 diabetes by race/ethnicity, and to determine whether these differences are driving suboptimal glycemic control. In this study of a primarily medically insured population, we found no clear association between markers of socioeconomic status and insulin initiation. As patients have reported that cost of insulin is a barrier to treatment, 3 further study is needed to determine whether socioeconomic factors are impacting insulin utilization, particularly in uninsured or otherwise disadvantaged populations.
The major strength of this study is that participants were characterized by standardized protocols and closely followed for up to 10 years. This allowed us to control for HbA1c and other potential confounders in a time-dependent manner with a high degree of granularity. In addition, we performed multiple analytic models and sensitivity analyses through which our findings were robust. However, this study has several limitations. The transition to insulin therapy involves both provider practice and patient preference, and this study is not able to distinguish between these factors. HbA1c was measured at annual or biennial intervals, so the exact HbA1c at the time of insulin initiation is not known. Additionally, the ascertainment of neuropathy and retinopathy was by self-report, which is less valid than objective measures.
Participants were recruited as outpatients from 16 study sites throughout the U.S., thus representing a diverse sample of ambulatory U.S. adults with type 2 diabetes. As Look AHEAD enrolled only overweight and obese persons, these results may not be applicable to leaner patients with type 2 diabetes. Additionally, patients recruited to clinical trials may be different from the general population in terms of demographics, comorbidities, and medical adherence.
Overall, results of this study show that patient age, race/ethnicity, diabetes complications, and other clinical features were independently associated with insulin initiation in adults with type 2 diabetes. The predictors of insulin initiation identified in this study should guide future efforts to determine the patient and provider contributions to the insulin transition, and to inform evidence-based strategies for tailoring the use of insulin to a patient's characteristics and needs. Contributors S.J.P performed the data analysis and prepared the manuscript. H.Y. contributed to the methods and reviewed/edited the manuscript. J.M.C. contributed to the study design, data collection, methods, and discussion, and reviewed/edited the manuscript. S.P.J. and N.M.M. contributed to the methods and discussion, and reviewed/edited the manuscript. The authors thank Moyses Szklo, MD, DrPH, of the Johns Hopkins Bloomberg School of Public Health for contributions to the design and interpretation of this work. S.J.P. is the guarantor of this work and, as such, had full access to the data and takes responsibility for the accuracy and integrity of this research. 
